Purpose: To develop a preoperative CT-based nomogram for predicting overall survival (OS) in patients with non-endometrioid carcinomas of the uterine corpus. Methods: Waiving informed consent, the institutional review board approved this HIPAA-compliant, retrospective study of 193 women with histopathologically proven uterine papillary serous carcinomas (UPSC), uterine clear cell carcinomas (UCCC), and uterine carcinosarcomas (UCS) who underwent primary surgical resection between May 1998 and December 2011, and had a preoperative CT £ 6 weeks before surgery. All CT scans were reviewed for local or/and regional tumor extent, presence of pelvic or/and para-aortic adenopathy, and presence of distant metastases. Univariate survival analysis was performed using log-rank test and Cox regression. Variables shown significant by the univariate analysis were evaluated with the multivariable Cox regression analysis and the results were used to create a nomogram for predicting OS. The predictive accuracy of the nomogram was assessed with the concordance probability index (c-index) and a 3-year calibration plot. Results: Mean patient age was 67.2 years (range 49.0-85.9); histologies included UPSC (n = 116), UCCC (n = 27), and UCS (n = 50). Median follow-up was 38.1 months (0.9-168.5 months). At multivariate analysis, patient age, ascites, and omental implants on CT were significant adverse predictors of OS and were used to build the nomogram. Concordance index for the nomogram was 0.640 ± 0.028. Conclusion: We developed a nomogram with a good concordance probability at predicting OS based on readily available pretreatment clinical and imaging characteristics. This preoperative nomogram has the potential to improve initial treatment planning and patient counseling.
The endometrium is the most common site of cancer in the female genital tract [7] . Endometrial cancers (ECs) are commonly subdivided into two broad categories: endometrioid adenocarcinomas and non-endometrioid carcinomas [8] . Endometrioid adenocarcinomas, the most common subtype of EC, are estrogen-dependent tumors that are frequently diagnosed at an early stage and, in general, have good prognosis. Non-endometrioid carcinomas are uncommon and include such histologic subtypes as uterine papillary serous carcinomas (UPSC), uterine clear cell carcinomas (UCCC), and uterine carcinosarcomas (UCS) [9] . These tumors are more aggressive than endometrioid adenocarcinomas, frequently demonstrate extra-uterine dissemination at the time of initial diagnosis, and, generally, have less favorable oncologic outcome than endometrioid adenocarcinomas [10, 11] .
A post-surgical nomogram for the prediction of overall survival (OS) in women with EC has been recently proposed by Abu-Rustum et al. and has been externally validated in two separate patient cohorts [12] [13] [14] . Although this nomogram has an excellent concordance probability index, it can only be applied after the pathology from the surgical staging procedure is known. Hence, there is still a need for a prognostic tool that would be available at the time of the initial treatment planning and patient counseling.
CT scans are frequently obtained in patients with newly diagnosed non-endometrioid carcinomas of the uterine corpus because these tumors have a propensity toward extra-uterine spread even in the absence of such high-risk features as deep myometrial invasion or cervical stromal invasion. Yet, little is known about the prognostic significance of the imaging features assessed at the preoperative CT. Therefore, our study objective was to create a preoperative CT-based nomogram that may provide an accurate preoperative prediction of OS and improve pretreatment counseling for women with non-endometrioid carcinomas of the uterine corpus.
Methods
The Institutional Review Board (Memorial Sloan-Kettering Cancer Center, New York, NY) approved and issued a waiver of informed consent for this retrospective study, which was compliant with the Health Insurance Portability and Accountability Act.
Patient cohort
From a prospectively maintained EC database, we identified 213 patients with pathologically proven UPSC, UCCC, or UCS who underwent surgery from May 1998 to December 2011, and had preoperative CT scans £6 weeks prior to the operation. Of these, 16 patients were excluded due to concurrent metastatic tumors of other types: 8 for breast cancer, 3 for lung/pleural cancer, 2 for lymphoma, 1 for renal cell carcinoma, 1 for rectal cancer, and 1 for multiple primaries. One patient was excluded because of collagen vascular disease, and 3 for having received neoadjuvant chemotherapy. Thus, our study cohort included 193 patients. Of these, eight patients were excluded from local disease analysis (but included in distant disease analysis) because their CT scans lacked intravenous contrast medium.
Clinical records were retrospectively reviewed for date of birth, date of diagnosis, pathologic findings, and clinical outcomes. Date of birth and diagnosis date were used to calculate age at diagnosis, a clinical characteristic previously shown to relate to OS.
CT technique
All CTs were performed with oral contrast and 185/193 CT scans were acquired after intravenous contrast administration. CT examinations were obtained with various scanners (GE Healthcare Technologies, Milwaukee, WI). Our standard CT protocols were modified for each particular scanner. A dynamic power injection of 150 mL of nonionic intravenous contrast material was administered. Time delay to acquisition was determined on the basis of the typical time to portal venous phase imaging. Images from all CT examinations were sent to a picture archiving and communication system, PACS (Centricity, GE Healthcare) for interpretation on PACS workstations.
The standard transverse section thickness for image viewing ranged from 2.5 to 7.5 mm. 29/193 CTs included 2.5 mm reformatted images in coronal and sagittal planes and 25/193 CTs had 2.5 mm reformatted images in coronal plane only. PACS workstations were equipped with 3D multiplanar image reconstruction software used at the discretion of the radiologist.
Image analysis and interpretation
Two radiologists (one radiologist with 6 years of subspecialty experience in gynecologic cancer imaging and one radiologist with 5 years of subspecialty experience in hepatobiliary oncologic imaging) independently reviewed all CT scans. Both readers were blinded to all clinical and histopathological information other than patient age and primary diagnosis of EC. CTs were evaluated for distant metastases and for local or regional spread of tumor such as presence of deep myometrial invasion (i.e., invasion equal to or greater than half of the myometrial thickness), cervical stromal involvement, invasion of the serosa of the corpus uteri or adnexa, or both, parametrial involvement, metastases to pelvic or para-aortic lymph nodes, or both, bladder and bowel invasion, presence of ascites, peritoneal thickening (over 3 mm), and omental implants. Such features as deep myometrial, cervical stromal, and corpus uteri serosal invasion were assessed as either present or absent in all patients whose CTs were acquired after administration of intravenous contrast medium (185/193 patients). Figure 1 illustrates deep myometrial and cervical stromal invasion on CT. Each of the imaging features pertaining to the regional tumor spread, nodal involvement, and distant metastases were assessed on a qualitative 1-5 scale as follows: 1 = definitely absent, 2, = probably absent, 3, = indeterminate, 4 = probably present, and 5 = definitely present. Pelvic and para-aortic lymph nodes were considered abnormal if their short axis measurements were more than 0.8 and 1 cm, respectively, if they had irregular borders, or if they demonstrated heterogenous enhancement. Any CT feature scored as 4 or 5 was considered a positive finding.
Statistical methods
Inter-rater agreement was analyzed with the Cohen' Kappa (k) statistic: agreement about the local staging was assessed using the simple k statistic, while agreement pertaining to the extra-uterine dissemination was analyzed with a weighted k with quadratic weights. The kappa values were interpreted as follows: 0.00-0.20 = slight agreement, 0.21-0.40 = fair agreement, 0.41-0.60 = moderate agreement, 0.61-0.80 = substantial agreement and 0.81-1.00 = almost perfect agreement [15] .
OS and recurrence free survival (RFS) served as the clinical end points. OS was the time interval between the date of surgery and the date of death or the last followup; patients alive at the last follow-up were censored. RFS was the time interval between the date of surgery and the date of recurrence or the date of death, or the last follow-up; patients alive and recurrence-free were censored at the last follow-up. CT imaging features detected in at least 10 patients were included in the survival analyses that were performed using the log-rank test for each CT feature and Cox regression for each patient characteristic. CT imaging features identified as significant by the univariate analysis (p < 0.05) were further tested using multivariable Cox regression, and the backward selection was applied to choose the final model with entry significance level and stay significance level of 0.05.
A nomogram for predicting OS was created based on the final multivariable Cox proportional hazards model. In the nomogram, we presented 3-and 5-year predicted survival probabilities for each patient. The predictive accuracy was assessed via the concordance probability index (c-index) and the calibration plot at 3 years.
The c-index is a measure of the discriminatory ability of a nomogram with range 0-1: a value of 1 indicates that for any two randomly selected patients, the model predictions are perfectly concordant with the observed outcomes, 0 indicates perfectly discordance, and 0.5 indicates that the model's predictions are no better than a coin toss [16] .
Calibration of the nomogram (''Calibration plot'') was assessed by plotting its predicted probabilities of survival against the Kaplan-Meier estimates used as a standard of reference. In an ideal nomogram all predicted probabilities fall on the diagonal line. Internal validation was performed on both assessments to produce adjusted c-index and adjusted survival probabilities using bootstrap with 200 repetitions to reduce overestimates of predictive accuracy [17] .
Statistical analyses were performed in software packages SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and R version 2.13 (The R Foundation for Statistical Computing).
Results
All patient characteristics and treatments are summarized in Table 1 . The mean patient age was 67.2 ± 8.1 years (range 49.0-85.9 years). Histologic subtypes included UPSC (n = 116/193), UCCC (n = 27/193), and UCS (n = 50/193). The mean time between CT and surgery was 11.9 ± 8.9 days (range 0.0-36.0 days).
The inter-observer agreement analysis is summarized in Table 2 . The agreement between two readers ranged from moderate for the presence of deep myometrial invasion (k = 0.42), to substantial for the presence of ascites (k = 0.74) and omental implants (k = 0.73), to almost perfect for the detection of pelvic (k = 0.86) and para-aortic (k = 0.88) lymphadenopathy.
The median follow-up for survivors was 38.1 months (range 0.9-168.3 months). Seventy-two patients died during the follow-up period. Among them, 53 (74%) patients died of disease, 6 (8%) died of other known causes, and 13 (18%) died of unknown causes. Twentytwo patients alive at the last follow-up had recurrent disease. The median OS in this cohort was 66.3 months (95% CI 52.7-87.3 months), and median RFS was 41.4 months (95% CI 29.4-72.0 months).
Given substantial to almost perfect inter-reader agreement for the majority of the variables assessed at CT, only CT scan interpretations by reader 1 were used for the survival analyses and nomogram development. Multiple CT features and two potential clinical predic- This group of patients either already had an event (n = 17) or were censored (n = 1) before 36 months NA, not estimable tors of OS and RFS were evaluated. In the univariate analysis of OS, 10 of the multiple analyzed CT features and patient age were significant prognostic factors (p values < 0.001-0.023) (Tables 3, 4) . At the univariate analysis of RFS, the same 10 CT features were significant predictors (p values < 0.001-0.002), but none of the clinical characteristics were significant (Tables 3, 4 ). In the multivariate analysis summarized in Table 5 , patient age, presence of ascites, and omental implants on preoperative CT had prognostic significance for OS (p = 0.006, 0.04, 0.006, respectively), while presence of cervical stromal invasion and omental implants on CT achieved significance for RFS (p £ 0.001).
The nomogram for predicting OS is summarized in Figs. 2 and 3 . Patient age and presence of ascites and omental implants on CT were significant prognostic factors at the multivariate analysis and were used to build the nomogram. For each patient, points are assigned based on each of these three predictors using the top section of the nomogram and are summed. The total points so generated are then related to predicted 3-year OS and 5-year OS probabilities in the bottom section.
The performance of the nomogram was evaluated by calibration and discrimination. The nomogram was internally validated with the bootstrap correction technique. The bootstrap-adjusted concordance probability index for the nomogram was 0.640 with a standard error of 0.028. The predicted probabilities obtained from the nomogram and the Kaplan-Meier estimated probabilities of 3-year OS are shown in the calibration plot (Fig. 3) ; the predictions were comparable to the KaplanMeier estimated OS with very little deviation.
Discussion
In the present study we present an internally validated preoperative CT-based nomogram for predicting OS in women with non-endometrioid carcinomas of the uterine corpus. Derived from a cohort of 193 patients who had preoperative CT £ 6 weeks prior to surgery, our nomogram is based on patient age and two easily assessable CT findings: presence of ascites and omental implants. Performance metrics (concordance index of 0.64 ± 0.028 and calibration with predicted 3-year OS within 8% of K-M estimates) demonstrate good predictive accuracy.
Abu-Rustum and colleagues have recently published a postsurgical nomogram that addressed the prediction of OS in patients with EC after primary therapy [12] . Their nomogram was derived from a cohort of 1735 patients and was based on 5 clinical characteristics consisting of patient age, final FIGO stage, tumor grade and histology, and number of negative lymph nodes. The nomogram had high concordance probability of 0.746 ± 0.011 and it has been recently externally validated on two independent sets of patients [13, 14] . However, the above nomogram requires the knowledge of the final FIGO stage and the number of negative lymph nodes that are only available following the surgical staging procedure and, hence, cannot be used for the initial patient counseling.
No prior publications have looked at the prognostic value of pretreatment imaging findings in patients with non-endometrioid carcinomas of the uterine corpus; prior efforts being based solely on clinicopathologic parameters [18, 19] . Therefore, our study focus on imaging features has the potential to refine pretreatment risk stratification of women with non-endometrioid histologic subtypes and to improve medical decision-making by preoperatively identifying high-risk patients (i.e., patients with ascites and omental implants on CT) who may benefit to more extensive pretreatment counseling and possibly enrollment into clinical trials. Our study has several limitations. Since non-endometrioid carcinomas of the uterine corpus are relatively uncommon, the model we created was based on a retrospective review of prospectively collected data from a single institution accumulated over a long time period. Therefore, we could not control for changes in clinical practice such as modifications in the surgical resection templates, evolution of the post-resection adjuvant therapies (because of the lack of standardization and continuous changes), and changes in CT imaging technology. Additionally, since preoperative MR imaging was not available on many of our patients we examined the prognostic imaging features available from preoperative CT scans which are often obtained for staging of non-endometrioid carcinomas of the uterine corpus at our (and most likely many other) institution(s). Although it is well known that MR imaging is the imaging modality of choice for local staging of EC (i.e., assessment of deep myometrial invasion, serosal involvement of the corpus uteri, and detection of cervical stromal invasion), CT is widely used for detection of distant metastases and both modalities perform similarly in identifying nodal metastases [20] . In a separate study (manuscript submitted to the Annals of Surgical Oncology) we examined the diagnostic accuracy of CT for preoperative staging of non-endometrioid carcinomas of the uterine corpus. Finally, our nomogram was based on CT interpretations of a single radiologist. We believe it was justified because of the excellent interobserver agreement across a number of variables and the fact that clinically relevant nomogram cannot be reader-specific. 
Conclusion
Nomograms have been used successfully for risk stratification and cancer prognosis in a number of malignancies and, in general, their performance is either comparable or superior to the traditional staging systems [2] [3] [4] [5] [6] . In this study, we constructed and internally validated a preoperative CT-based nomogram tailored to predicting OS in women with non-endometrioid carcinomas of the uterine corpus. This nomogram has a good concordance probability and is based on three variables, one found in legal records (patient age) and two routinely assessed on preoperative CT scan, that are easily available at the time of initial evaluation. The results of this nomogram may aid clinicians in stratifying pretreatment risk, planning individualized treatment, and initial patient counseling. Further studies are needed to validate the accuracy of this nomogram in independent external patient cohorts.
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